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Abstract 
 
Vitalization of Natural Gas Market in East Asia 
 
Sung-hee Han, M.A. 
The University of Texas at Austin, 2012 
 
Supervisor:  Charles G. Groat 
 
 
A competitive gas-to-gas trading market has yet to emerge in Asia. Yet in spite of 
the various barriers and restrictions, the trend of liberalization seems to inevitable. How a 
natural gas trading market just might develop in East Asia is what this thesis explains and 
predicts. Moreover, it lays out what the preconditions for the changes are, and what the 
costs and benefits from such changes may be. Considering Asia’s current market 
situation, the wholesale competition model could be a practical option for Asia’s gas 
markets. A critical role in building up the gas-to-gas trading market will be played by 
China. In the first stage of market liberalization, China alone can be expected to form its 
own trading hub on its east coast, say in Shanghai. If the transactions of the trading hub 
work smoothly and the set prices lower than oil-linked gas prices, then other gas-
importing countries would likely join the trading hub by interconnecting with a physical 
pipeline. 
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Chapter 1: Introduction 
 
Over the past 20 years, natural gas has been the world’s fastest growing fuel 
source and for the next 25 years its demand is expected to grow steadily. Growth in 
consumption occurs in most countries but is concentrated in countries not belonging to 
the Organization for Economic Cooperation and Development (OECD). In these 
countries, demand increases nearly three times as fast as in OECD countries. (EIA, Sep. 
2011).   
The natural gas industry has certain characteristics that call for heavy 
infrastructure and in turn natural monopolistic features. These characteristics lead to a 
regulated market structure in which competitive market dynamics play no role in price 
setting. It was not until the 1980s, when the US decided to deregulate its gas industry, 
that competition was first introduced into the gas market. The United Kingdom followed 
suit in the 1990s. Competitive gas markets developed in both countries with the price 
being set as a function of traded markets. These two countries, however, remain the 
exceptions. With competition largely absent from the rest of the world, the continental 
Europe and Asian markets remain fragmented on a national and regional basis. Some 
attempt has been made to promote a liberalization agenda; this has brought about little 
change and introduced into the gas market a very limited form of competition. 
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Today’s gas market is going through an unusual period. Since the end of 2008, the 
world’s gas industry has faced challenging conditions. In this time, the gas industry 
witnessed many changes: Europe, with its recession-induced loss of gas demand, has 
suffered from handling their long-term contracts. The North American market has been 
flooded with unconventional gas, and the nuclear crisis of Japan and the economic 
renaissance of China have stimulated gas consumption in Asia. These factors, combined 
with high oil prices, show clear signs of radical changes to come in the market. The most 
likely change is that gas pricing in continental Europe will become market-based rather 
than oil indexing. The price difference between market-based pricing (Henry Hub in the 
U.S. and NBP in Britain) and oil-linked pricing adopted in Asia will make the Asian 
pricing structure outstanding and, for Asian countries, place the status quo under 
considerable strain. 
In spite of these challenging circumstances, the consumption of natural gas in 
East Asia is expected to increase. This is due to its low environmental impact, ease of 
use, and more efficient characteristics than other fossil fuels in power generation. 
Moreover, the region consumes less of it now than other developed countries. It seems 
essential for Asia to change its pricing model so as to expand their gas market and to 
lower natural gas prices in East Asia. 
This thesis explains and predicts how the natural gas trading market in East Asia 
will develop, what the preconditions for the changes are, and what the costs and benefits 
from the changes may be. 
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Chapter 2: Overview of Natural Gas Industry 
2.1 DEFINITIONS AND CHEMICAL COMPOSITION 
Natural gas, just like oil and coal, is the product of what was once organic 
material. After millions of years at high temperatures and under great pressure, this 
organic material has been transformed into fossil fuel. Natural gas is a colorless and 
odorless gas of hydrocarbons in which methane is the primary component. Other gases it 
usually contains include ethane, propane, butane, pentane, and hexane. 
Natural gas is transported either through pipelines or in tanks. When stored and 
transported in tanks, the gas is either compressed (CNG) or liquefied (LNG). In its liquid 
form, natural gas shrinks to less than 1/600th of its gaseous state, making its 
transportation and storage more efficient. 
While crude oil is mainly measured in barrels, the volume of natural gas is 
measured in a number of ways, e.g., cubic feet, tons, oil equivalent, BTUs (British 
Thermal Units), and cubic meters. This paper will mainly use the latter, cubic meters. 
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2.2 THE IMPORTANCE OF NATURAL GAS IN WORLD PRIMARY ENERGY 
Low prices coupled with its clean-burning characteristics, makes natural gas a 
favored fuel. At the beginning of the 21st century, natural gas was one of the fastest-
growing sources of primary energy. And this growth is expected to continue for at least 
the next several decades. Oil still remains the largest component of primary energy, 
meeting, in 2008, about 34% of total world energy demand. Nevertheless that percentage 
is down from its 1980s position of over 40%. Over the same time period, the share of 
natural gas has risen from 19% to nearly 23%. According to an EIA projection (See Table 
1), the share of oil will drop to 29% by 2035, while the share of natural gas will be 
constant throughout this period (EIA, Sep. 2011). To meet demand for gas, there has been 
a steady rise in the quantity of natural gas traded internationally. Compared to other fossil 
fuels, natural gas is expensive and more technically challenging to transport over long 
distance, by pipeline or by ship as LNG. As a result, evolving in the global natural gas 
industry has been a series of regional and even local markets. 
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Table 1: World Energy Mix Projection by fuel, Reference case, 2008-2035 
(Quadrillion Btu) 
 2008 2020 2030 2035 
Liquids 173 (34%) 195.8 (32%) 216.6 (30%) 225.2 (29%) 
Natural Gas 114.3 (23%) 138 (22%) 162.3 (22%) 174.7 (23%) 
Coal 139 (28%) 164.6 (27%) 194.7 (27%) 209.1 (27%) 
Nuclear 27.2   (5%) 38.9   (6%) 47.4   (7%) 51.2   (7%) 
Other 51.3 (10%) 82.2 (13%) 100.6 (14%) 109.5 (14%) 
Total 504.8 619.5 721.6 769.7 
 (EIA, International Energy Outlook 2011, p159) 
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2.3 NATURAL GAS RESERVES IN THE WORLD 
2.3.1 CONVENTIONAL GAS RESERVES 
Many factors figure into the development of natural gas. As with other mining 
projects, the most important factor in deciding whether to invest in a gas extraction 
project or not is the amount of revenue the producers expect to make. But the main 
difference between natural gas and oil projects is the size of investment. The construction 
cost of natural gas facilities - pipelines, liquefaction facilities, LNG ships, and storage 
tanks- is much higher than that of oil or coal facility. Then there are also technical 
barriers which make some discovered fields uneconomic. The gas reserve which is 
easiest to extract will be developed first, which means that new production capacity may 
be more expensive than the current. 
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Table 2: Reserves and R/P ratio 
Country Recoverable (Tcm) Share of total R/P ratio 
Russia 44.8 23.9% 76 
Iran 29.6 15.8% Over 100 
Qatar 25.3 13.5% Over 100 
Saudi Arabia 8.0 4.3% 76 
UAE 6.0 3.2% Over 100 
Turkmenistan 8.0 4.3% Over 100 
USA 7.7 4.1% 13 
Algeria 4.5 2.4% 56 
Nigeria 5.3 2.8% Over 100 
Australia 2.9 1.6% 58 
China 2.8 1.5% 29 
Western Europe 3.7 2.6% 15 
(Source: BP Statistical Review of World Energy 2011) 
* R/P ratio = Recoverable reserve/Production volume 
 
Natural gas is found and produced in many parts of the world, but the reserves are 
spread unevenly across the globe. 
As can be seen in table 2, Russia and the Middle East hold most of the world’s 
known recoverable reserves. In many Middle East countries, natural gas has up to now 
been regarded as merely a by-product of oil. These countries have not explored their 
reserves extensively, while European and North American countries have explored their 
territories thoroughly, evidenced by their R/P ratio having dropped fairly significantly in 
recent years. This may imply that the reserves of the Middle East countries and Russia 
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may be even greater than shown in the table. However, it is worth noticing that the 
proven reserves in many countries may be increased by unconventional gas reserves. 
With recent technical improvement, such reserves, especially in China and North 
America, are becoming economically feasible as producing natural gas.  
 
2.3.2 EMERGENCE OF UNCONVENTIONAL NATURAL GAS 
The ability to extract natural gas from low-permeability geologic formations, 
particularly shale formation, has been greatly expanded by the use of horizontal drilling 
together with hydraulic fracturing. For the North American natural gas market, the 
development of shale gas plays has become a “game changer”. In the US from 2000 to 
2010, the proliferation of new technologies into shale plays has increased dry shale gas 
production by 23 percent annually, from 11 billion cubic meters to 136 billion cubic 
meters. It is estimated that by 2035, shale gas production will account for 46 percent of 
U.S. natural gas production (EIA, Sep. 2011). Along with the successful investment of 
capital and diffusion of shale gas technologies, several other counties, especially Canada, 
Poland, and China, have expressed interest in developing their own shale gas resources.  
The U.S. Energy Information Administration (EIA) has worked hard to identify 
the importance of shale gas in the outlook for natural gas. EIA and its external 
consultants recently reported an initial set of shale gas resource assessments of 14 regions 
of the world. The report assessed 48 shale gas basins in 32 countries, including almost 70 
shale gas formations. Although the shale gas resource estimates will likely change over 
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time as additional information becomes available, the report shows that the international 
shale gas resource base is enormous (EIA, 2011). The initial estimate of technically 
recoverable shale gas resource in the 32 countries of the report is 163 trillion cubic 
meters as a whole, compared to the recoverable conventional gas reserve 148 trillion 
cubic meters in major producing countries. 
It is too early to estimate how many countries will develop their own shale gas 
resources, how much shale gas will be produced, and when the production will be made, 
but the figures in Table 3 suggests which countries have a strong intention to develop 
their shale gas resources in near future. The countries who have vast gas consumption 
markets but their conventional gas production cannot meet their domestic consumption 
have more motivation to explore their own shale gas. France and Poland in Europe, 
Mexico in North America, and China in Asia may be the promising candidates as the next 
shale gas developers following the U.S.  
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Table 3: Estimated shale gas resources in Europe, North America, and Asia. 
Country 
2009 Natural Gas Market (bcm, dry basis) Proved 
Natural Gas 
Reserves 
(bcm) 
Technically 
Recoverable 
Shale Gas 
(bcm) 
Production Consumption Imports (Exports) 
Europe           
France 0.8  49.0  98% 5.7  5,097.0  
Germany 14.4  92.6  84% 175.6  226.5  
Netherlands 79.0  48.7  -62% 1,387.5  481.4  
Norway 103.4  4.5  -2,156% 2,038.8  2,350.3  
U.K. 59.2  88.1  33% 254.9  566.3  
Denmark 8.5  4.5  -91% 59.5  651.3  
Sweden -   1.1  100% -   1,161.0  
Poland 5.9  16.4  64% 164.2  5,295.2  
Turkey 0.8  35.1  98% 5.7  424.8  
Ukraine 20.4  44.2  54% 1,104.4  1,189.3  
Lithuania -   2.8  100% -   113.3  
Others 13.6  26.9  50% 76.7  538.0  
North America      
U.S. 583.3  645.6  10% 7,716.3  24,409.1  
Canada 159.4  85.2  -87% 1,755.6  10,986.9  
Mexico 50.1  60.9  18% 339.8  19,283.8  
Asia           
China 83.0  87.2  5% 3,029.9  36,103.9  
India 40.5  53.0  24% 1,073.2  1,784.0  
Pakistan 38.5  38.5  - 841.0  1,444.2  
Australia 47.3  30.9  -52% 3,114.9  11,213.5  
(Source: US EIA, World Shale Gas Resouces: An Initial Assessment, 2011) 
* The unit was converted from trillion cubic feet to billion cubic meters by using 
conversion factor 28.317 (Bcm = Tcf ×28.317). 
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2.4 NATURAL GAS DEMAND AND SUPPLY 
On the production side, it is not necessary to be the same as those with the largest 
reserves. In the world market, Russia and the US are by far the largest producers as well 
as consumers. 
 
Table 4: World Natural Gas Production and Consumption 
                                                                                       
(Billion Cubic meters, 2010) 
Country Production % Consumption % Difference 
US 611 19.3% 683  21.7% (72) 
Other North America 215 6.7% 163  5.1% 52  
North America-total 826 26.0% 846  26.9% (20) 
S. & Cent. America-total 161 5.0% 148  4.7% 14  
Russia 589 18.4% 414  13.0% 175  
Former CIS 169 5.3% 172  5.4% (3) 
Western Europe 260 8.1% 437  13.6% (177) 
Other Europe 25 0.8% 114  3.6% (89) 
Europe & Eurasia-total 1,043 32.6% 1,137  35.7% (94) 
Algeria 80 2.5% 29  0.9% 52  
Egypt 61 1.9% 45  1.4% 16  
Nigeria 34 1.1% -   0.0% 34  
Other Africa 34 1.1% 31  1.0% 3  
Africa-total 209  6.5% 105  3.3% 104  
Iran 139  4.3% 137  4.3% 2  
Qatar 117  3.6% 20  0.6% 96  
Other Middle East 206  6.4% 208  6.6% (3) 
Middle East-total 461  14.4% 366  11.5% 95  
Australia 50  1.6% 30  1.0% 20  
China 97  3.0% 113  3.6% (16) 
India 51  1.6% 62  1.9% (11) 
Indonesia 82  2.6% 40  1.3% 42  
Malaysia 66  2.1% 36  1.1% 31  
Japan     -   0.0% 95  3.0% (95) 
South Korea    -   0.0% 43  1.4% (43) 
Thailand 36  1.1% 45  1.4% (9) 
Pakistan 39  1.2% 39  1.2% -   
Other Asia-Pacific 71  2.2% 64  2.0% 7  
Asia Pacific-total 493  15.4% 568  17.9% (74) 
World Total 3,193  100% 3,169  100% 24  
(BP, 2011) 
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The International Energy Outlook scenario forecast an increase in global demand 
for natural gas by an average of 1.6% per year till 2035 up to 5.9 tcm (trillion cubic 
meter) in global consumption by 2035 (EIA, Sep. 2011). Even though demand will rise, 
EIA estimates that each regional markets -Europe, North America, and Asia- has a 
different projection in their demand and production. Growth in gas consumption is 
particularly strong in Asia Pacific countries, where economic development leads to 
increased demand by an average of 2 percent per year over the projected period up to 
2035. It is more than two times as fast as the 0.8 percent annual growth rate of North 
American and European countries. Thus, Asia Pacific countries account for 39 percent of 
the total world increment in natural gas consumption, as the region’s share of world gas 
use changes from 16 percent in 2008 to 24 percent in 2035 (EIA, Sep. 2011).  
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2.5 NATURAL GAS TRADE 
Natural gas has tended to be used in the region where it is produced. This is due to 
the relatively high transportation costs. Analysts estimate that inter-regional trade meets 
less than one-sixth of demand. The major areas of trade are among three regions: North 
America, Europe, and East Asia. Unlike the oil market, the industrial structures and gas 
prices in each regional market differs fairly widely from each other. 
 
Table 5: The Size of Gas Trading Market in Three Main Regions 
 (Billion Cubic meters, 2010) 
 North America Western Europe East Asia/Pacific 
Production 826.1 260.4 420.8 
Import 
PNG 123.6 329.7 33.4 
LNG 20.0 87.7 165.6 
Total 969.7 677.8 619.8 
* Western European countries described in this paper are high-income developed 
countries, characterized by democratic political systems, from Scandinavia to 
Iberia, while western members of the fomer Eastern Bloc are excluded.  
* East Asia/Pacific counties include Australia, Far East countries (China, Japan, 
South Korea, and Taiwan), and South Eastern countries (Brunei, Indonesia, 
Malaysia, Myanmar, Thailand, and Vietnam). 
* Intra-regional trading volumes in each region are included in production. For 
example, the PNG export volume from Canada to the U.S. are included in 
production in North America and PNG import at a same time. 
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In North America, indigenous gas production almost met their needs and only 2% 
of their consumption was filled with LNG import from various sources.  
Intra-regional production of Western Europe was 260 billion cubic meters in 
2010, however, it tends to decrease every year. With decreasing production and high 
dependency on pipeline gas from Russia and Algeria, Western European countries are 
trying to diversify their importing sources by supporting LNG industry.  
East Asian countries heavily depend on their LNG import to meet their demand. 
Non-OECD countries in Asia, such as China and India, have the most potential to grow 
in their demand according to EIA projection.  
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2.6 METHOD OF TRANSPORTATION 
Transporting gas from the production site to the market can be done in two ways: 
through pipelines or in the form of liquefied natural gas (LNG). Both methods are 
capital-intensive with long construction times, and therefore a considerable period is 
needed to pay back the initial investment. 
2.6.1 PIPELINES 
The term “pipelines” refers to transmission pipelines, which transport natural gas 
from supply areas to markets. These long-haul pipelines are usually between 16 and 48 
inches in diameter and can extend for thousands of miles, operating at high pressures 
maintained by compressor stations along the route. In mature markets, such as the United 
States and Europe, a complex of web of transmission pipelines connects to other 
pipelines, storage facilities, large end users, and distribution systems. 
Pipelines remain the major mode of transporting the world’s natural gas to 
consumers, accounting for over 90% of natural gas deliveries. As natural gas demand 
grows, the number of major international pipeline projects continues to increase. 
Pipelines can provide a secure and stable method of delivering set volumes of gas 
on a year-round basis. Thanks to safety and security systems that detect corrosion or 
leaks, most problems can be identified and corrected before they become significant. 
Although accidents happen from time to time, the pipeline system is considered one of 
the safest modes of transportation. 
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Despite technical developments, it is not always possible or desirable to link 
supply to market by a pipeline, because of terrain, right-of-way issues, politics, and 
distance. To install pipeline, several countries may be involved, complicating the 
development. This may also raise the potential of supply interruptions through diversion 
of gas volume, attacks on the infrastructure, or having the intermediary country close the 
valve for political reasons. In 2006 and 2009, this is what happened in Europe when cold 
spell hit European countries and a price dispute arose between Russia and the Ukraine. 
These factors may prevent a pipeline from being built or make it uneconomical. 
2.6.2 LIQUEFIED NATURAL GAS (LNG) 
Compressed natural gas was generally considered too difficult and dangerous to 
be transported around the world because of the lack of suitable materials to contain the 
high pressures and the risk of explosion in the case of a sudden release of gas. However, 
with extreme cooling to below its boing point (-163°C), natural gas could be reduced in 
volume by a factor of over 600 times, then stored and shipped at normal atmospheric 
pressure. Unlike many other energy delivery systems, LNG has tended to be organized on 
a project basis, involving the development of not only upstream infrastructure and gas 
production, gathering, and liquefaction facilities but also shipping and import terminals. 
This reflects the very high capital investment needed for each unit of energy delivered.  
LNG has security advantages that can override economics. LNG is generally 
transported across international waters, so that only the seller and buyer governments are 
involved.  
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One of the major reasons that countries import LNG is to diversify their energy 
supply portfolio. These countries may need to diversify away from another energy 
commodity, as did Japan, which initially imported LNG to lessen its reliance on oil. Or 
these countries may want to lessen their reliance on any single gas supplier, as did a 
number of European nations. Besides, exporters may favor the LNG option because, 
unlike a pipeline project, they can diversify their revenue sources by selling to multiple 
buyers and markets. 
In its early evolution, LNG was seen as a high-cost option and the last choice for 
countries with limited access to pipeline gas. Now that its technology has matured and 
costs have been driven down, LNG can generally compete, at least over longer distances 
(generally greater than 2,000 km), with pipeline delivery. It can even compete over 
shorter distances posting major obstacles to pipeline construction (Michael D. Tusiani & 
Gordon, 2007, pp 21).  
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2.7 MAJOR THREE REGIONAL MARKETS 
Natural gas is used around the world but the major areas of trade correspond to 
three OECD regions: North America, Europe and Asia-Pacific. Growth in natural gas 
consumption is particularly strong in non-OECD countries - particularly China and India, 
where economic development leads to increased demand for natural gas in the near 
future. Nevertheless, for next 20 years the major trading markets of the aforementioned 
regions are expected to maintain in their position.  
 
Figure 1: Main LNG regions and pricing 
 
2.7.1 NORTH AMERICA 
North America has been largely a self-sufficient market, with Canada being an 
important natural gas exporter to the U.S. In 2010, about 14% of the gas used by the 
world’s largest gas consumer, the United States, came from Canada. The self-sufficient 
characteristic in gas consumption is shown in Figure 2. The marginal quantity for 
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insufficient supply has been covered by LNG from foreign sources or by inventory stock 
at the moment. In 2010, the proportion of imported gas accounted for about 2% (20 bcm) 
of the annual consumption of North America. 
 
Figure 2: Gas Supply & Demand in North America 
 (Billion cubic meter) 
 
Notes: Pipeline gas from Canada to the United States is included in its 
production side and net import mainly consists of LNG from various 
sources. 
(Source: BP Statistical review of world energy 2001~2011) 
 
2.7.2 WESTERN EUROPE 
A quarter of Western Europe’s primary energy supply comes from Natural gas. 
The Western European market is partly self-sufficient but relies for more than 40% of its 
natural gas supplies on imports from former Soviet Union countries and Algeria through 
pipeline, and from other various sources in the form of LNG. Its demand moves very 
smoothly but the proportion of supply sources changes relatively fast (Figure 3).  
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Figure 3: Gas Supply & Demand in Western Europe 
(Billion cubic meter) 
 
(Source: BP Statistical review of world energy 2001~2011) 
 
Table 6: Gas imports in the major Western European countries 
Country 
         2000  (billion cubic meter, %)                                                      2010  (billion cubic meter, %)                                             
LNG PNG LNG share in total import LNG PNG 
LNG share in 
total import 
Austria -  5.9 0% - 6.8 0% 
Belgium 4.2 11.8 26% 6.4 18.1 26% 
France 11.2 32.4 26% 13.9 35.0  29% 
Germany -    76.8 0% - 92.8  0% 
Greece 0.3 1.6  16% 1.2 2.7  30% 
Italy 4.8  52.8  8% 9.1 66.3  4% 
Netherland -    12  0% - 17.0  0% 
Portugal -  2.2  0% 3.0 2.0  61% 
Spain 8.5  8.5  50% 27.5 8.9  76% 
Turkey 3.7  10.3  26% 7.9 28.8  22% 
Sub-total 32.7  216.3  13% 69.1 278.2  20% 
UK -  2.0  0% 18.7 35.0  35% 
Total 32.7 216.3 13% 87.8 313.1 22% 
(BP Statistical Review 2001, 2011) 
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Western Europe heavily relies on pipeline gas from the Netherlands, the North 
Sea, Algeria, and Russia. Taken together, these sources provided in 2010, about 80% of 
its supply. LNG use has shown a significant increase in recent years, from 40 bcm in 
2005 to 80 bcm in 2010. LNG provides 18% of Western Europe’s supply and is playing 
an increasingly important role in the natural gas market. 
 
2.7.3 EAST ASIA 
Unlike to other Atlantic basins, natural gas in Asia Pacific region is not a 
dominant source of energy. Its natural gas consumption in 2010 took up about 11% of 
total energy consumption. Due to its convenience and cleanness for residential heating 
and power generation, its use appears poised to rise. The reasons of underutilization of 
natural gas will be explained in a later section of this paper. 
From the beginning, Asia’s gas market structure differed from that of the North 
American and European markets. Japan developed their economy after the Second World 
War. Due to their geographical isolation and lack of natural resources, Japan worried 
about the security of their oil supply. They considered procuring other sources of energy 
to diversify their risk. Since the 1980s, other Asian countries, such as South Korea and 
Taiwan, have followed the move. The region’s main gas importers (Japan, South Korea, 
and Taiwan) have no access to pipeline gas imports. These countries are more concerned 
about securing their supply than in introducing competition into their gas markets. This 
security-oriented behavior has prevented them from constructing more mature and 
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competitive markets. Competition among gas exporting countries in East Asia Pacific, 
including Indonesia, Malaysia, Brunei, and Australia, also is so limited in counterparts 
who sell their gas in the region (More details will be discussed at Chapter 4). 
Competition is very limited because there is little room for competition on price. 
The companies in the three gas-importing countries procure their LNG under quite 
similar price terms; the governments are adopting slow and less aggressive restructuring 
programs for their gas industry. As of now, East Asia is without a gas-trading hub in the 
East Asia. The price linkage to oil price (especially to Japanese Crude Cocktail) remains 
intact. 
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2.8 DETERMINATION OF GAS PRICE 
The way that natural gas is priced has a considerable influence on the level of 
prices, both in absolute terms and relative to the prices of competing fuels, and on the 
level of demand, supply, and trade. The long-term prospects for gas supply depends on 
how trading and pricing mechanism evolve and the following effects on the level of 
prices and investment risk. Price mechanism must balance the needs and interests of 
suppliers and buyers. However, in practice, there are big differences across countries or 
regions in the way of pricing and the way of purchase behavior at the various stage of 
natural gas value chain. 
Much of natural gas traded across borders in continental Europe and OECD Asia 
is sold under long-term contracts with linkage to the price of oil or oil products. The 
appropriateness of the oil-linked index is questioned because gas is not anymore 
considered as a substitute of oil or oil products in many fields, such as power generation 
and house heating. 
In a growing number of markets, gas prices are set in the market by an approach 
known as gas-to-gas competition in North America, the U.K., and increasingly in 
continental Europe. 
Differences in two pricing mechanisms unavoidably result in differences in the 
actual level of prices. When oil prices are high, as they are today, oil-indexed gas prices 
will tend to be high, while the level of gas prices under gas-to-gas competitive market 
depends on the supply/demand balance in each regional market.  
 24 
Figure 4: Natural gas price in major market (Jul.2007-Apr.2011) 
 
(International Energy Agency, 2011) 
 
As oil prices have risen in the world over the last three years, the oil-linked 
pricing has come under pressure from buyers and governments that have sought greater 
use of spot indexation in Western Europe at the expense of take-or-pay. Therefore, the 
spreads between German average price and Japanese average price, two oil price linked 
benchmarks, have become wider since mid-2009. By contrast, there has been little 
change in pricing mechanism in the Asia Pacific region. 
2.8.1. NORTH AMERICA 
Gas prices in North America are decided through free trade. That is, in times of 
oversupply, prices are low and in times of tight supply, prices are high. Prices, especially 
in recent years, have been volatile. The deregulated market structure began with the 
Natural Gas Policy Act of 1978, which provided for the phased removal of controls from 
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gas prices at the wellhead. Afterwards, the Federal Energy Regulatory Commission 
(FERC) developed new regulations for interstate pipelines. They decoupled the merchant 
(gas supply) from transportation companies. And they allowed customers to reject their 
take-or-pay obligations with the transportation companies. Abuses of trading positions 
and market power (exposed notoriously in California’s energy crisis of 2000-2001) led 
the FERC to become much more attentive about monitoring gas and power transactions 
(Bergen Energy, 2010).  
Following the deregulation of wellhead gas prices and the unbundling of gas 
transportation and supply functions, a trading hub developed at Henry Hub. Henry Hub is 
the most closely watched benchmark of U.S. gas prices. The New York Mercantile 
Exchange (NYMEX) bases its prices for future contracts on Henry Hub prices.  
In the United States, pricing mechanisms were created where prices were 
determined on a Hub market and can be justified, as the supply and demand of natural 
gas itself determines prices. Giving access to many players on the demand and supply 
side ensures avoidance of market power abuse by any dominant player or group of 
players. Security of supply is guaranteed by transparent, efficient, and liquid markets 
without any political intervention. 
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Figure 5: Monthly Gas Price Trend in U.S. (1997-2012.1)  
 ($/mmbtu)                                                                      ($/bbl) 
 
(Source: EIA Monthly gas and oil price data) 
 
Figure 5 shows that natural gas and crude oil prices have had a stable relationship 
until the beginning of 2009, despite some periods where they may have appeared to 
decouple.  Since the mid-2000s, the relationship between oil (WTI) and natural gas 
(Henry Hub) is valued from around 6:1 to 12:1. This means that historically, oil parity 
($/bbl of oil ÷ $/mmbtu of gas) in gas tended to be from one-sixth to one-twelfth. 
Economic analysis supports the presence of a co-integrating relationship between the 
crude oil and natural gas price time series, providing statistical evidence that WTI crude 
oil and Henry Hub natural gas prices have a long-run co-integrating relationship (Joutz, 
Oct. 2006).  
However, the gap between Henry Hub and WTI began to widen in early 2006. 
Then, in early 2009, Henry Hub price diverged substantially from WTI and the gap has 
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continued to widen up to now. As a result of price decoupling, the relative price over gas 
price appeared in a ratio of 1/37 (Gas price US$2.67/mmbtu in Henry Hub, WTI price 
US$100.27/bbl) in Jan. 2012, historically low level from the past 15 years. This weak gas 
price, in a period of high oil price, resulted from success in unconventional gas and a 
surplus of LNG cargoes at Henry Hub prices. 
Therefore, it seems that a supply surplus lead to the decoupling of prices. When 
the surplus disappears and shortage occurs, the recoupling returns with sometimes the gas 
price higher than the oil price.  
2.8.2. WESTERN EUROPE (EXCLUDING THE U.K.) 
Despite continuous efforts to open up market to gas-to-gas competition over the 
past decade, which has actually led to the rapid growth of spot trade, it is estimated that 
around three quarters of gas consumed in continental Europe is still bought under the oil-
linked long-term contracts (International Energy Agency, 2011). Therefore when oil price 
rises, gas price just follows the trend no matter of gas market situation. The pricing of 
natural gas in Europe has evolved over the past several decades. National or regional 
monopolies held exclusive control over the gas market within their territories until 1980s, 
when the United Kingdom began liberalizing its natural gas market and introduced 
competition by regulatory authority. In most contracts in Western Europe, prices were set 
by long-term contracts and were linked to the oil or oil products prices. Regulations for 
free trade market have been effective, and thus, over time the pricing has begun to 
change.  
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Although the EU’s gas directive which tried to encourage competitive market 
development did not directly challenge the dominance of existing contracts and national 
incumbents, the 2008 economic downturn required a shift to the conservative market. 
Natural gas demand in Europe sharply declined after the economic downturn in late 2008, 
while at the same time the supply of spot that were much cheaper than long-term contract 
volume mainly in the form of LNG was increasing. During 2009, additional LNG imports 
became available to the relatively liquid markets of Belgium and the U.K. as a result of 
declining demand in Japan and growing availability of shale gas in North America. The 
increase of available spot caused spot price in European markets to fall. However, long-
term contracts prices, due to their linkage to oil prices, did not fall. The significant 
differential between spot and oil-linked contract price encouraged many European buyers 
to abandon their long-term contracts and instead buy gas from spot markets, causing a 
“take-or-pay crisis”. With the help of TOP crisis, contract price reviews have resulted in 
some incorporation of hub natural gas prices into formulas that previously linked to oil 
price, however, the extent to which hub prices have been adopted varies. Norway was the 
most willing to cooperate; Algeria was not at all willing to do; Russia in small measure 
incorporated hub prices into some contracts to North European contracts, but refused to 
incorporate them into Southern European contracts.  
The oil-linked contracts are still dominant in Europe’s long-term contracts. 
However, the influence of spot market pricing is growing. In the future, as infrastructure 
expands and as new supply sources become commercial, natural gas prices in Europe will 
become more competitive. (Stern, Jonathan, Mar.2011). 
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Figure 6: Monthly Gas Price Trend in Western Europe (2006-2011.10) 
 ($/mmbtu)                                                                 ($/bbl) 
 
* German import Avg.: Monthly gas price reported by the German Federal Office 
of Economics and Export Control (Mainly German’s oil-linked long term gas 
price and partly short term or spot gas is included) 
 
Figure 6 shows that the NBP price, which is not representing all hub prices across 
Europe, diverged substantially from oil linked prices (average German importing price) 
and the difference between two prices are substantial through the period. 
2.8.3. EAST ASIA 
In Eastern Asia, natural gas consumption is concentrated in four countries: Japan, 
China, South Korea, and Taiwan. China alone has indigenous natural gas. The other three 
have relied on Liquefied Natural Gas imported from South East Asia and the Middle 
East. As seen figure 7, most of contracts in East Asia are directly linked to oil prices with 
a lag of about 5 to 6 months. 
More details on price determination in Asia will be explained later at Chapter 4. 
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Figure 7: Imported LNG Price Trend in East Asia (2007-2011.12) 
 ($/mmbtu)                                                                      ($/bbl) 
 
* The imported LNG price to Japan is from Bloomberg. 
* The imported LNG price to Korea is from the Korea Customs Service. 
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Chapter 3: Evolution of Natural Gas Market 
3.1 NATURAL GAS MARKET STRUCTURE  
In most markets, the gas business developed within a regulatory environment. 
This environment reflected the principle that the transmission and distribution of natural 
gas were activities that created a natural monopoly and as such were to be franchised and 
regulated by government authorities. Transmission and distribution systems were 
constructed under the cost of service tariff structures. These guaranteed that the owners 
would recover all their costs, their capital costs, and get a reasonable return on their 
investment. When countries had their own production, regulators often set the price at the 
wellhead. In the case of imported gas, regulators often had the right to approve the supply 
contracts before they could come into effect (Michael D. TusianiGordon, 2007). 
Natural gas producers and suppliers sold gas to transmission companies under 
long-term purchase contracts with high take-or-pay (TOP) obligations. These helped the 
producer cover the exploration risks and high production investments. In turn, the 
transmission companies, in similar arrangements, resold the gas to the distributors with 
returns that were regulated and admitted as a reasonable amount by the authorities. The 
actual cost of the natural gas purchases was treated as a “pass-through” and was fully 
recovered from the next buyers along the chain, all the way to the end users. 
It is now widely believed that although the traditional, cost-plus structure 
provided security of supply, it resulted in higher prices, especially in those markets where 
the business was mature. Regulators, especially in North America and Western Europe, 
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have adapted policies of separating facility ownership and operation, providing open 
access to the pipeline infrastructure, and bringing competition to supply and marketing. 
This movement contributed to a more competitive marketplace for gas and has led to the 
emergence of gas trading hubs. These hubs usually develop where several pipelines meet, 
often near large storage facilities such as Henry Hub in the U.S., and the Zeebrugge LNG 
terminal in Belgium. In the case of the United Kingdom, the hub is a notional one, the 
National Balancing Point (NBP).  
Market liberalization is now advanced in the U.S., Canada, and the U.K. In 
Western Europe, it is being promoted by the European Union (EU), although across the 
member countries, the pace of implementation varies widely. In Asia, the process toward 
liberalization is moving at a much slower pace. 
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3.2 RECENT NATURAL GAS MARKET SITUATION  
Over the last four years, a number of factors have combined to place the status 
quo under considerable strain. Signs of radical change can be observed in the market. 
Why the current gas market evolving toward a free trading market can be attributed to 
several main elements.  
The first is the unconventional (primarily shale) gas revolution in North America. 
The surprisingly rapid rise in the production of gas has reversed the previously expected 
production decline trend, restoring the North American market to effective self-
sufficiency (see Figure 8). Consequently, Henry Hub prices have fallen to levels much 
lower than had been thought possible and US LNG imports have dipped below both 
market expectations and the existing import capacity. 
 
Figure 8: Projection of US gas production and US LNG import (in tcf) 
      
(Source: EIA, Annual Energy Outlook) 
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The second element is new liquefaction capacity. Qatar increased its capacity with 
a view of meeting America's deficit. Thanks to the unexpected increase in US shale gas 
production, Qatar’s volumes are now being channeled to the world market. 
A third elements leading to a free trading gas market is the 2008-2009 recession. 
Especially important in Europe, this factor created a sharp downturn in gas demand, 
followed by an uneven recovery (HonoreAnouk, Jan. 2011). 
Finally, high oil price exacerbated the pricing problems confronting continent 
Europe. The major European countries (except for the U.K.) have a two-tier pricing 
structure, that is, both of gas-to-gas competition and oil-linked pricing. When demand 
was weak, Europe struggled to prevent the take-or-pay (TOP) problem because of their 
strong reliance on the relatively rigid oil-linked price formulae in long term contracts. 
To explain current “gas glut” in the world market, aside from the four reasons 
given above, the huge earthquake and tsunami that struck northern Japan took out around 
11 GW of nuclear generation capacity. Some of these nuclear facilities would be retired 
permanently. This nuclear catastrophe may affect nation’s nuclear policies, and nuclear 
power is a main source of electricity not only in Japan but in other countries in Europe, 
Asia, and America. Some part of this lost capacity will need to be replaced by gas-fired 
generation, a move that will surely increase global gas demand, and pressure prices 
upward. 
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3.3 UPCOMING GAS MARKET TREND 
The aforementioned recent events in the world gas market as well as future 
uncertainties, especially for Asian Market, can be listed as follows. 
 
1. Pipeline gas from Russia to East Asia 
Following the TOP crisis of 2009, a number of European buyers have demanded 
both reductions in contractual take-or-pay volumes and reduction in prices (CIS Oil 
and Gas Weekly, Mar. 2010, pp 4-5). As a result, Gazprom agreed with a number of 
companies to remove, for three years, a 15% share of the price of hub-based prices 
(Anton Doroshev, Reuter Reuter, Feb. 19, 2010). In addition, most companies were 
allowed to roll over to future years volumes not taken below minimum take-or-pay 
levels. Therefore, the position in Europe of Russia’s gas monopoly, Gazprom, is 
expected to weaken even more if the competitive market price remains lower than 
long-term price. Considering Russia’s dependency on natural gas revenue, the 
economic impact of decreased revenues from European gas sales would be serious. 
Given that prospect, they absolutely will try to sell their gas to other markets, such as 
East Asia.  
 
2. Greenfield projects in Australia 
Australia is now looking to export more natural gas in the form of LNG. Australia 
has emerged as a major center of investment in LNG production. Around the globe, 
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new capacity equivalent to nearly one-third of global trade is currently under 
construction. Two-thirds of this is located in Australia. As a result of existing projects 
and numerous proposed projects, Australia’s exports of natural gas is, from 2008 to 
2020, expected to more than triple, to 45 billion cubic meters (EIA, Sep. 2011). 
 
3. US LNG exporting projects 
Low gas prices in the American market are causing producers to scramble to find 
new customers for their products. Cheniere is now looking to spend $10 billion to 
build an export facility in Louisiana to begin shipping liquefied gas to such overseas 
markets as Japan, South Korea, and Spain, where gas prices are much higher than in 
the U.S. Presently the Federal Energy Regulatory Commission (FERC) has provided 
Cheniere with only a 20-year license to export liquefied gas. It has put on hold 
applications from other companies for similar grants. It is uncertain right now how 
much natural gas will be exported from the U.S. While companies are eager to 
explore export options, the Energy Department is worried that the export of natural 
gas could push domestic gas prices to international levels (Bloomberg, Cheniere wins 
approval for biggest U.S. gas-export terminal, Apr. 17, 2012). 
 
4. Unconventional gas development in China 
In the long run, China has great potential, if they can secure sufficient investment, 
to develop unconventional gas. Various factors, such as price regime, government 
support, technical barriers, and infrastructure, have in the past hindered the 
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development of unconventional gas. While these conditions have improved, it seems 
more time is needed to produce significant volumes of natural gas.  
If the prices are right, investment of Coalbed Methane (CBM) and shale gas will 
be spurred. It is estimated that unconventional gas output will account for 16% of 
China’s total domestic gas by 2020 (Facts global energy, Unconventional Energy and 
Implications for the LNG Market, Feb.2011). 
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Chapter 4: Natural Gas Market in East Asia & Pacific Region 
4.1 OVERVIEW OF NATURAL GAS MARKET IN EAST ASIA & PACIFIC REGION 
We can broadly divide the natural gas market in the East Asia and Pacific (EAP) 
region into gas exporting countries, gas importing countries, and self-sufficient countries. 
Gas exporting countries include Australia, Brunei, East Timor, Indonesia, Malaysia, and 
Myanmar. Gas importing countries include China, India, Japan, Singapore, South Korea, 
and Thailand. Self-sufficient countries in natural gas supplies include Bangladesh, New 
Zealand, Pakistan, the Philippines, and Vietnam. 
In 2010, North America’s and Europe’s overall shares of gas over primary energy 
were 28% and 34% respectively. In the EAP region, these figures are lower (See Table 
7). This is because of the underutilization of natural gas in major Asian countries, 
especially in China and India. In 2010, China became the largest energy-consuming 
country in the world, accounting for more than half the total energy consumed in all of 
East Asia and Pacific countries.  
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Table 7: Gas Production & Consumption in East Asia & Pacific region (2010) 
                                                                                                       
(Billion cubic meter) 
Classification Country Gas Production 
Gas 
Consumption 
Shares of gas over 
primary energy 
consumption 
Exporter 
Australia 50  30 23% 
Brunei 12  4 79% 
East Timor 6 n/a n/a 
Indonesia 82  40 26% 
Malaysia 66  36 51% 
Myanmar 12  2 13% 
 Sub-total 229 112 30% 
Importer 
China 97  113  4% 
India 51  62  11% 
Japan -   95  17% 
Singapore -   8  11% 
South Korea -   43  15% 
Taiwan -   14  11% 
Thailand 36  45  38% 
 Sub-total 184 380 8% 
Self-sufficient 
Bangladesh 20  20  76% 
New Zealand 4  4  20% 
Pakistan 39  39  53% 
Philippines 3  3  10% 
Vietnam 9  9  19% 
 Sub-total 76 76 38% 
Asia-Pacific Total 489 568 11% 
 (BP, 2011) 
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4.2 NATURAL GAS TRADE BETWEEN EAP COUNTRIES  
Countries within the East Asia & Pacific (EAP) region have been actively 
engaged in natural gas trade either via PNG or LNG. While some countries in this region 
(Australia, Brunei, East Timor, Malaysia, and Myanmar) are net gas exporters, others 
(China, India, Japan, Singapore, South Korea, Taiwan, and Thailand) are net importers. 
As seen in the Table 8, the exporters in the region mainly export within the region (98% 
of total export). Importers (China, Japan, South Korea, and Taiwan) also import from 
other regions (42% of total import), mainly from the Middle East countries and Russia. 
Thus as a whole, the EAP region is a net gas importer. In terms of pipeline gas trade, 
EAP countries, in 2010, accounted for only about 4.4% of total export. In terms of LNG 
trade, EAP countries accounted, in 2010, for about 60% of the world’s total. As a result 
of this severe dependence on LNG, LNG trading market will play an important role in the 
formation of a benchmark price in East Asia. 
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Table 8: Intra-EAP Gas Trade Movement (2010) 
 (Billion cubic meters) 
Importers Exporters Total imports 
EAP share 
over total 
import Australia Brunei East Timor Indonesia Malaysia Myanmar Sub-total 
Australia - - 5.8 - - - 5.8 5.8 100% 
China 5.2 - - 2.5 1.7 - 9.3 16.4 57% 
India - - - - - - - 12.2 0% 
Japan 17.7 7.8 - 17.0 18.6 - 61.0 93.5 65% 
Malaysia - - - 2.9 - - 2.9 2.9 100% 
Singapore - - - 7.0 1.5 - 8.4 8.4 100% 
South Korea  1.3 1.1 - 7.4 6.4 - 16.2 44.4 36% 
Taiwan 1.1 - - 2.6 3.7 - 7.4 14.9 49% 
Thailand - - - - - 8.8 8.8 8.8 100% 
Sub-total 25.3 8.8 5.8 39.4 31.8 8.8 119.9 207.3 58% 
Total exports  25.4 8.8 5.8 41.2 32.0 8.8 122.1 975.2 13% 
EAP share over 
total export 100% 100% 100% 95% 99% 100% 98% 21%   
(BP, 2011)  
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4.3 THE REASONS NATURAL GAS REMAINS UNDERUTILIZED IN ASIA PACIFIC MARKET 
Historically, East Asian economic development has been fueled by coal and 
petroleum. Thus, from a global viewpoint, the East Asian energy mix pattern is 
considerably unique. In the world energy mix in 2010, oil made up 34 percent of the total 
primary energy consumption, followed by coal (30 percent) and natural gas (24 percent). 
In East Asia, however, coal is the leader, accounting for over half (52 percent) of total 
energy used. Oil is second (28 percent); natural gas accounts for only 11 percent. Indeed, 
Asia Pacific has the lowest dependency on natural gas of any geographical region in the 
world. China and India’s heavy use of coal dominates the overall Asia Pacific energy use 
pattern.  
 
Figure 9: Primary energy consumption by fuel (2010) 
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Figure 10: Primary energy consumption in Asia Pacific (without India and China) 
 
 
If China and India are excluded from the calculations, the share of natural gas 
rises to slightly less than the global share, 22 percent. The share of oil also expands to 42 
percent (greater than the world share) and coal shrinks to 24 percent (see Figure 10).   
The reasons for the lower consumption of gas in Asia Pacific, especially in gas 
importing Asian countries (see Table 7), can be explained by several factors. 
First, since gas transportation is more difficult than that of coal and oil, 
developing natural gas use generally requires much larger investments. Construction 
costs are high for pipelines that link gas-producing area to a consumption centers. And 
then one must add the cost of distribution lines within consumption areas to deliver 
natural gas to end-users. Such intensive investment demands have deterred less wealthy 
countries who are seeking rapid economic growth in Asia. They have preferred much 
easier and smaller investment projects using oil and coal. 
Second, unlike North America and Europe, Asia is without a preexisting gas-user 
culture. The former regions developed long age the infrastructure for distributing gas. 
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Asia developed much of its centralized energy infrastructure later, when electricity 
distribution systems were used to meet most energy needs. 
Third, Asian gas resources are located far from the areas of gas demand. The 
highest gas-demanding countries in East Asia were Japan, South Korea, and Taiwan. 
Starting in the 1970s, these countries have required natural gas as a part of their economic 
development. However, their geographical isolation and lack of domestic gas production 
have led them to import natural gas via in the form of LNG. As a result of their severe 
dependence on liquefied natural gas, Asia dominates the world LNG trade. In 2010, about 
60 percent of LNG vessels floating on the sea were headed to Asia. However, LNG 
accounts for only 30 percent of world gas trade. Pipeline gas, up to now, has been the 
major method of trade in North America and Europe. Also, the huge availability of coal 
reserves, especially in China and India, undermined the need to develop natural gas 
industry. This has contributed to the slow development of a regional market. Without an 
interconnected and large gas market and an easy method of transportation, the gas 
consumption in this region has been constrained.  
The fourth factor is a lack of transparent and competitive gas pricing mechanisms. 
Asian countries have no international market –as they do with oil- for gas to which their 
domestic natural gas prices can be linked. In some countries, local gas prices are loosely 
linked with the prices of crude oil. In others, such as China and India, natural gas prices 
are regulated and set by the government. Often, the determined price by the government 
is set at low levels to benefit industrial sectors or, for political purposes, to subsidize the 
residential sector. This excessive governmental intervention in natural gas pricing has 
 45 
discouraged exploration, development, and production activities in some Asian countries, 
leading to less natural gas consumption. 
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Chapter 5: Possibility of Integrated Gas Market in Asia 
5.1 THE REASONS OF MARKET INTEGRATION 
In practically all industrialized nations, natural gas markets are undergoing 
profound structural changes. These nations are implementing policies aimed at 
liberalizing the existing markets. These policies include the introducing of gas-to-gas 
competition based on third party access (TPA) to the gas supply chain and the enforcing 
of new contract mechanisms, such as spot markets, short-term or non-dedicated contracts.  
One way of increasing competition in Wholesale markets is generally thought to 
be integrating them. This is particularly true for smaller markets with a limited number of 
participants. An interconnected system is economically justifiable because it induces 
lower operating costs. It permits excess supply in one node (LNG terminal or border 
point) to be utilized in other nodes where, were there no connections, the marginal cost 
would be higher (De Vany and Walls, 1993). Hence, as the most expensive energy is 
displaced the total economic surplus is maximized. In this sense, it seems the facilities 
having higher marginal costs can be severely underutilized and the facilities having lower 
costs always override them. 
Moreover, an interconnected system can lower capital investment. Such a system 
obviates the need to maintain reserve storage capacity or in cases of system failures, 
import a facility into every country (Interconnector Economics, 2006). It can even create 
incentives for optimizing the size and timing of new investments by associating with a 
more efficient system (Brunekreeft and Newberry, 2006). A theoretical analysis of the 
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long-term economics of integration suggests that interconnections will lead, by increasing 
the total available capacity, to an increase in consumer surplus and improved security of 
supply (Matsukawa and Mulder, 2004). Thus, the benefits of enhanced competition and 
cross-border price differences can potentially justify the economic logic of market 
integration. 
Increasing integration of regional gas markets, already well developed in North 
America and Europe, offer three main benefits - a better supply diversification, less 
concern about supply disruptions, and more competition between suppliers. Yet despite 
its well-connected pipeline infrastructure, continental Europe’s gas-to-gas trading 
markets only began to operate. 
The changing regulatory environment in other continents may also cause a 
structural change to Asia’s natural gas industry, its trading patterns, and price formation. 
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5.2 INTRODUCING COMPETITION IN ASIA PACIFIC GAS MARKET 
The main goal of gas introducing competition into the gas market is the 
restructuring of a monopolistic market into a competitive one and the lowing of cost in 
the gas value chain. 
Monopolistic (and some oligopolistic) natural gas markets have one main problem 
– the lack of suitable incentive for increasing efficiency and for decreasing costs. Under 
the current cost-plus structure in East Asia, all the decreased costs are just passed along to 
the next client.  
However, another problem is based on the historical lack, in most Asian counties, 
of market mechanisms in the energy business. Natural gas imports have always been 
dealt with at a state level. Since most of these economies are centrally planned and 
administered by governments or quasi-governmental organizations, the regions are 
somewhat crippled by having no trading hubs at all. Moreover, with very limited 
suppliers, the Asian countries’ heavy gas import dependency often reaches 100%, which 
further impedes the potential gas-to-gas competition that was expected to arise from the 
industry’s liberalization. 
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Figure 11: Stages of development of gas-to-gas competition 
 
Source: Natural Gas Pricing in Competitive Markets (IEA, 1998) 
 
The models in Figure 11 represent varying degrees and types of competition. 
Inter-pipeline competition is compatible with supply competition based on third-party 
access in principle. In practice, however, no such market structure exists. Full retail 
competition is the most competitive model, though only the United Kingdom has thus far 
adopted it. An intermediate stage in going to full retail competition is the wholesale 
competition model. This model, which the U.S and Canada currently use, includes third 
party access to the transmission system (see Figure 11). And also the wholesale 
competition model can be the practical option for Asia’s gas markets to achieve. 
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5.3 THE EFFECTS OF COMPETITION  
If there were the prospect of oil-linked gas prices being lower than competitive 
gas prices, then this discussion would be unnecessary. That is, there would be no need to 
change the market structure and construct an integrated competition market for the 
position of natural gas importing countries without price incentives.  
In forming a competitive trading market, the most essential point to setting the 
prices is competition between suppliers and buyers. In general, gas prices can come down 
due to competition in the gas-trading market as a result of three possible positive effects 
(Miklos Hlatki, Beata Horanszky, 2002). 
1. The competitive market resigns in the monopoly’s profit. This is characteristic of 
developed gas markets where the transport and distribution are a low-risk business. 
2. The presence of the competition increases the efficiency and decreases costs. 
3. The whole competition market discovers cross-subsidies and finds the means to 
demolish them. In the monopolistic markets, cross-subsidies exist between certain 
consumer groups because of political, social, or economic reasons. The unbundling 
for competition in gas market is an effective tool for eliminating them. 
 
Changing from a monopolistic market to a competitive one raises some questions 
regarding the security of supply, the possibility of manipulation, and price volatility. 
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1. Security of supply 
Can the necessary development of production, storage and transportation be 
realized in a liberalized gas market? Supply security means not only the securing of 
sufficient production, import and transportation capacity for longer time periods but 
also the balancing of the transportation and distribution system for shorter period of 
time.  
To realize supply security, participants in a liberalized market must receive proper 
price signals and promotions about all of the segments in the supply chain. This allows 
them to make the necessary investments and adequately operate the system. The right 
signals can be obtained by establishing, where competition is possible, effective 
competition between market participants. Where it is impossible, governments need to 
establish appropriate regulations of monopolistic activities. 
 
2. The possibility of manipulation 
Even in a competitive trading market, the number of participants might be limited 
because of the oligopolistic nature of the natural gas market. Hence, there is significant 
potential for manipulation which is only aided by both sides’ (sellers and buyers) 
mutual suspicions.  
Neither side lack the motivation to manipulate the markets. Buyers aim to reduce 
purchasing price and to maximize their rent from resale of the gas. Sellers may 
organize a cartel to maintain or raise the gas price. They can also lower their 
production as a means of supporting favorable prices. 
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3. Price volatility  
Compared to the oil-linked mechanism, gas-to-gas market pricing will substantially 
increase volatility. When we see the trend of Henry Hub and NBP prices, the range of 
fluctuation in price is generally wider than that of oil-linked prices. Increased price 
volatility is, to a certain degree, an inevitable consequence of the need to balance the 
market in the short term. In response to price volatility, buyers and sellers can 
implement a variety of trading strategies to minimize the risk, such as future or option 
transaction. 
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5.4 THE MAIN BARRIERS AGAINST A FLEXIBLE MARKET IN ASIA 
Over the last couple of decades, the characteristics of the oil and gas market have 
undergone large changes. Yet the price structure in the Asia/Pacific region has remained 
intact. Most of the crude oil is used for transportation fuel and industrial materials. 
Natural gas is used for generating electricity, heating, and industrial purposes. Despite 
these disparate purposes, there are valid reasons for why the price linkages have been 
retained in Asia and continental Europe.  
Constructing gas transportation system requires large amount of investment which 
consequently needs long recovery period. The companies who invested in the 
infrastructure need to secure pay-off for these large investments. Thus long term 
contracts were made to guarantee the off-take of natural gas for 20-30 years. When the 
gas industry started, any benchmark prices for natural gas were not available. So, the idea 
of linking the price of gas to its closest substitute, oil, was reasonable at the time. 
The traditional model (oil-indexed price model) made it difficult to deviate from 
the long-term point-to-point trade model. Even if the economics favored diversion of 
contracted volumes, the following factors could prevent free trading transactions. The 
main barriers for Asian countries to become a flexible market are as follows.   
First, the dedicated shipping capacity limits LNG transactions. The dedicated 
shipping capacity in long-term contracts is similar to a floating pipeline concept. This 
concept consists of gas being transported continuously, by the dedicated shipping fleet, 
from one end of a pipeline (the loading terminal) to the other end (the import terminal). 
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The long-term sales and purchase agreement (SPA) restricted the changing of ships 
dedicated to the long-term SPA. This reflects a particular concern about proposed new 
deals involving longer distances and consequently disturbing the scheduling of the 
overall fleet. All activities to add new ships to an existing trade or trading dedicated ships 
into a new plant or terminal required approval from all participants in the existing and 
proposed trades. 
Second, the concern over security of supply presents an obstacle to free trading 
activity. Generally all long-term agreements have take-or-pay provision (TOP) to secure 
annual contracted volume for both sellers and buyers. High levels of TOP volumes give 
firm confidence both to buyers who are worried about procuring natural gas from very 
limited natural gas sources and to suppliers who are seeking out of the deal stable 
revenue. From a buyer’s position, if a ship was diverted from a long-term contract, the 
gain from the trade could be marginal and the risk of shortfall higher. Buyers have no 
economic incentive to consent to such arrangements. Under the utility cost pass-through 
model, the consequences of inadequate supply could be very severe, both economically 
and in terms of relationships with regulators who were overseeing and approving the 
utility’s investments and rates of return. 
Third, in LNG trading, suppliers’ capacity can, in current trading structure, curtail 
the volume of flexible spot trading. Project owners do not intentionally build surplus-
producing capacity for use outside of long-term commitments. Despite having extra 
capacity, the terms of SPAs again intervene. If suppliers have surplus volume for other 
markets, the existing buyers generally have the priority of securing or refusing the 
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volume first, and then the additional volume can be sold to another market. This trading 
practice has limited trading volume itself and prevents further development of the gas-
trading market. 
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5.5 THE CONDITIONS FOR LIBERALIZED GAS MARKET IN ASIA 
The process of liberalization in Europe may give us some tips about how the 
Asian gas market can be vitalized in the future. 
In Europe, movements toward restructuring gas market have gone into effect over 
the last decade and the resulting changes are being seen these days. The infrastructure of 
gas pipelines, storages and LNG import facilities are, in many Western European 
countries, all well-established. Moreover, they have a unified political structure, namely 
the European Union, which can harmonize multiple members’ requirements and promote 
market integration activities in line with a suitable timetable.  
Making institutional progress to give customers the power to exercise choice is 
the basic principle of liberalization. To set up liberalized gas market in Asia, following 
conditions are required. 
1. Control tower  
To develop market integration in East Asia, the region needs to form institutional 
structures to facilitate development. The organization has to function as a control tower to 
harmonize adequate policies between member countries, to create gas trading market 
with transparency, and to manage all possible problems that could arise in the process of 
liberalization. 
2. Infrastructure 
The lack of infrastructure hinders gas transactions between suppliers to buyers. 
Large gas transactions are guaranteed by dedicated pipelines or integrated LNG chains. 
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Even in a matured market like Japan’s, the pipeline systems between major cities are not 
integrated. 
3. Interconnection of member counties  
To form a competitive trading market, the size of market is important. If the total 
volume of consumption is too small, setting up an effective trading market for only the 
small consumers may be difficult, especially in the gas industry where intensive 
investment is required. 
  
4. Structural and contractual changes in members’ gas trade market 
To boost competition in a trading market, the structure of the gas industry must be 
well organized to guarantee fair trading. Third Party Access (TPA) is an essential system 
that provides pipeline customers more flexibility in purchasing natural gas and making 
transaction arrangements.  
The terms and conditions of long-term contracts must be changed to implement 
liberalization process. TOP clause, the length of contract, and price terms will disturb 
smooth transitions to a gas-to-gas competition market. To enable such changes, a variety 
of cooperation from sellers as well as other buyers is desperately needed. 
  
Once customers, in particular industrial consumers and power companies, are free 
to seek, on a spot basis, alternative supplies for at least a proportion of their needs, then 
they would be able to procure cheaper gas than the contracted volume they already have. 
If the price differentials between long-term contracts and spot became sufficient, the 
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structure would change rapidly. This situation would force suppliers to drop prices, 
leaving wholesalers no choice but to begin offering market-related prices for at least 
some of the gas on the market. 
Whereas such cheaper gas may be physically available at trade hubs, consumers 
may continue to find obstacles to competition, especially in terms of access to 
infrastructure. In many cases, customers would have faced difficulty in getting such gas 
delivered to their site in a cost-effective manner. To solve this problem, competitive fee 
for using infrastructure must be provided. 
Renegotiation Pressure 
Wholesalers may face the problem of supplying increasing volumes of gas to the 
market on a spot-related price basis while they still paying, under the terms of long-term 
contracts, oil-linked prices to their suppliers. Of course, the wholesalers have an option to 
procure spot volumes to substitute for this higher cost gas. Under the existing long-term 
contract, however, this option would then exacerbate the problem of take-or-pay 
commitments. After Europe fell into an economic recession in late 2008, this actually 
wound up happening there in 2009 and 2010. In these circumstances, wholesalers would 
be forced to open discussions with producers with a viewpoint of sharing the pain. The 
main issues of the discussion should include price terms, the issue of take-or-pay 
commitments, and the duration of contracts.  
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5.6 THE ROLE OF CHINA FOR COMPETITIVE MARKET IN EAST ASIA PACIFIC 
It is still unclear whether East Asia will follow the example of North America and 
Western Europe and implement a competitive gas market dynamic where prices are set 
by gas-to-gas competition. That is, if North America and Western Europe settle on 
relatively low gas prices, will Asia be pressured into trying to follow suit? 
Asia Pacific gas markets have very different characteristics from their European 
and North American counterparts.  
First, there are no replaceable trade markets yet to be found in the region, and 
hence no pricing signals being generated which could provide an alternative to the 
pricing mechanism currently applied. 
Second, the power sector is, in general, a less significant source of current 
demand in the Asia Pacific gas market. This means that gas is competing with oil and oil 
products in stationary applications. In practice, the dynamic of inter-fuel competition 
provides stronger logic to maintaining a linkage with the oil price and less pressure to 
move away from such a linkage. 
Third, the gas market players, on supply and demand sides, are satisfied with their 
current structure and are not desperate to introduce competition into their market. 
 
The emergence of China, as the world’s biggest single source of gas demand 
growth, will change a lot of aspects about the current market structure in East Asia 
Pacific regions. 
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In 2010, China’s natural gas consumption increased by 21.8% reaching 109 
billion cubic meters (bcm). This amount made them the largest natural gas-consuming 
country in the Asia Pacific and fourth in the world (EIA, Sep. 2011). The driving force 
behind this rapid increase in demand have been the penetration of city gas in accordance 
with the urbanization of cities and the expansion of industrial use (including the power 
sector and the petrochemical industry). 
The forecasts of what China’s gas consumption will be in 2030 vary, depending 
on institute, from about 290 bcm to 535 bcm (See Table 9). Regardless, the expected 
increase is, among major countries, the highest. 
 
Table 9: Natural Gas Demand Forecast of China in reference case (BCM) 
 2015 2020 2025 2030 2035 Average Change 
EIA 150 193 244 289 326 5.5% 
IEA 247 335 430 535 634 7.7% 
CNPC 231 297 351 392 - 6.1% 
* EIA: EIA, International Energy Outlook 2011 
* IEA: World Energy Outlook 2011_Special Report, “Are we entering a golden 
age of gas?”  
* CNPC: China’s natural gas market outlook, Research institute of CNPC (Dec. 
2010)  
 
With shale exploration drilling was in its earliest phase, public information on 
shale formations in China was quite limited. Reservoir quality remains uncertain, while 
in-country shale drilling and completion services are still burgeoning. The future of shale 
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gas development in China is promising; due to insufficient information, however, 
estimates are shaky about when the production will be at material levels. 
The two large marine shale basins of China - the Sichuan and Tarim - contain an 
estimated 25,000 Tcf of total unrisked gas in place (5,100 Tcf as the risked gas in place). 
The estimated risked recoverable resources from these two basins are 1,275 Tcf (EIA, 
World Shale Gas Resources, 2011). 
In China, domestic gas prices are far cheaper than international prices. This 
differential’s impact, however, has been limited because China’s import dependency is 
still low. Nevertheless, China’s consumption is expected to increase rapidly, simply their 
imports will also be rising in near future. 
A rise in their imports would seem to make a reform of their gas price structure 
inevitable, that is, if their natural gas market is to be sustainable. As a result of price 
reform, China’s domestic gas prices should increase, approaching international prices. 
This increased price would promote energy efficiency and could accelerate the 
development of domestic production in both conventional and unconventional gas fields.  
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Chapter 6: Conclusion 
 
How the natural gas industry in Asia Pacific develops will be determined mainly 
by China. Geographically, China is well situated, capable of approaching foreign natural 
gas resources, both by pipeline transport from Central Asia and Russia, and by marine 
transport from the Asia Pacific and the Middle East. Also they have enormous potential 
to produce unconventional gas, such as shale gas and coal-bed methane, from within their 
borders. 
 
China’s action to develop their gas industry structure will likely follow this course: 
1. China is moving actively to ensure that as much as possible of its demand is met by 
domestic production; it will promote supply from every possible source of both 
conventional and unconventional gas. 
2. China will correct their domestic retail gas prices which can distort the market and 
waste the country’s limited natural resources. For example, the prices given to 
fertilizer plants are significantly lower than that offered to other customers in 
Sichuan Province. However, it will take another decade for China to catch up with 
the international gas price. 
3. Despite whatever best effort may be in this respect, China’s gas demand will grow 
faster than their production; China will need to import more gas. Hence, China has 
been eagerly building a diverse portfolio of international supply sources, including 
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pipeline gas from Turkmenistan and Myanmar, and liquefied natural gas from 
Qatar, Australia, and other gas-exporting countries in Asia. 
4. More time is needed for pipeline gas from Russia to be effective. Discussions over 
many years have yet to make any firm commitments, and, for both parties, the price 
has been the sticking point. With positive prospects concerning its gas supply, new 
supplies from Kazakhstan and Uzbekistan, pipeline gas from Turkmenistan and 
Myanmar, and a spate of spare volume of LNG from worldwide, China is declaring 
that they have already firmly secured all their natural gas needs through 2020.  
5. Even though gas-fired power plants have been partly introduced in China, its share 
of power generation is trivial. It is because of not only lack of economic incentives 
for the eco-friendly fuel but also the shortage of available natural gas. Hence, gas-
fired power generation will not be a major option for China until they secure 
enough natural gas from domestic production or are able to import at competitive 
prices, or they change the gas market structure to a competitive trading market. 
 
Russia can also play an important role in integrating Asia’s gas market. Russia 
presented two possible pipeline routes to China: the Altai (West Siberia) gas pipeline and 
Kovykta and Sakhalin Island (eastern Siberia) pipeline. The project from eastern Siberia 
can provide Far Eastern Asian countries (China, Japan, and South Korea) with mutually 
connected pipeline infrastructure in the region. The interconnected pipeline may make 
them move forward with forming an integrated regional gas market. 
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Market integration and liberalization will not happen in five or ten years. Before 
any of it begins, it is important that adequate infrastructure be prepared in place first. And 
also, any factors or policies that could distort the market must be removed in advance. 
In the first stage of market liberalization, it would seem that only China alone will 
form its own trading hub on the east coast of China, such as Shanghai. Its long-term 
contract counterparts (Turkmenistan, Indonesia, Australia, Qatar and so on) are not 
willing to provide their gas with trading hub at the hub price. Without imported long-term 
contract volume, the price of their domestic gas and some spot LNG cargoes could be set 
in the hub. If the transactions of trading hub work smoothly and the set prices lower than 
oil-linked gas prices, then other gas importing countries would take part in the trading 
hub with interconnection through a physical pipeline. 
When the trading hub is set, the candidate countries for the trading hub are, as 
importing countries, Taiwan, South Korea, and Japan, and as exporting countries, Russia, 
Australia and already existing long-term providers. The participation of Japan is 
somewhat uncertain because their costly facilities (unloading and storage facilities) could 
be seriously idled by the interconnection. 
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